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(57) Abstract 

A base-site (109) communicating to a mobile (108) increases the power level of a transmission of a handofT command when 
required. The base-site (109) d^ects when handofT is required, and transmits the handoff command at a first power level (PI) 
which is essentially equal to the power level of the base-site (109) to mobile (108) voice communication power level. If the handoff 
command does not reach mobile (108), either after the elapse of a predetermined time period or some other predetermined trig- 
gering event, base-site (109) transmits the handoff command at a second, increased power level (P2). 
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POWER LEVEL INCREASE DURING 
HANDOFF COMBiAND TRANSMISSION 

Belated Invention 

Reference is made to U.S. Patent Application No. (Docket 
#CE02379R), "Alternate Base-Site Transmission of a Handoff 
Command in a 

Communication SyBtaoT in behalf of Bonta et al., 
filed on the same date hercTOth, containing related subject matter 
and assigned to the assignee of the present invention. 

field of the Invention 

The invention relates generally to cellular radiotelephone 
systems and more specifically to handofiT of communication of a 
mobile in a cellular radiotelephone system. 

Background of the Invention 

Handing over firom one radio-frequency (RF) channel to 
another in order to T»ftiT^tflw a reasonable level of quality is a well 
known procedure in communications systems, specifically cellular 
radiotelephone systems. In todays cellular radiotelephone systems, 
the method of instructing a mobile to move from one RF channel to 
another is to transmit a digital message via a blank-and-burst 
(blank the voice transmission and burst the digital handoff 
message) technique in analog cellular radiotelephone systems and 
a £rame stealing technique in digital cellular radiotelephone 
systems (such as time-division multiple access (TDMA) cellular 
radiotelephone systems). Given the cellular radiotelephone 
systems multi-path fading enviroimient, the digital message, or 
handofif command, is encoded and repeated in such a way that the 
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receiving mobile has the best chance of decoding the message under 
adverse conditions. In addition, most cellidar systems suffer from 
thermal noise or interference (or both) at various locations 
throughout the geographic area being served. At times, the noise 
5 rftii be qxxLte substantial with respect to the desired signal. If the 
signal-to-noise (S/N) ratio is poor enough in the downlink direction 
(transmission from a base-site to a mobile), the probability of 
successfully sending a handofif command firom a serving base-site 
to a given mobile is significantly impaired. 
10 In an urban micro-cellular system environment where base- 

site antennas are typically the 5 to 10 meters above the street, the 
signal path firom the serving base-site on a given street to a mobile 
on a perpendicular street can be obstructed by buildings. The 
pathless from the serving basersite to the mobile can change for the 

1 5 worse 20-30 dB within 10*40 meters as the mobile turns a street 

comer (otherwise known as the "street comer efifect"). Reaction 
time to this condition is essential since the S/N ratio degrades 
rapidly, and hence the quality of the call degrades rapidly. A 
handoff to an adjacent, alternate base-site (or cell) is reqmred 

2 0 immediately in order to xnaintaiTi the call. Since the mobile must 

receive a handoff command in order to perform handoff, a 
reasonable S/N ratio is essential for good probability of the mobile 
receiving and decoding the handoff command. 

Unfortunately, the conditions described herein often result in 

2 5 a failed handofif attempt ultimately leading to a dropped call. To 

make nmtters worse, fast moving mobiles and intermittent blocking 
conditions Gack of available channels at alternate base-sites for 
handoff) add to the failed handofif problems as pathloss from the 
serving cell to the mobile increases. In this sitxiation, the mobile 

3 0 has httle chance of hearing a handofif command transmitted by the 

serving base-site. 

Thus, a need exists for a communications system, and more 
specifically a cellular radiotelephone system, which provides an 
increased probability of a mobile receiving a handoff co mman d, and 
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thuB increasing the probability of handofif. in the adverse conditions 
^q>erienced by cellular radiotelephone systems. 

5 Summary of the Invention 

A base-site communicates to a mobile via a signal 
transmitted at a first power level. The base-site, operating at the 
first power level, commences transmission of a handoff co mman d 
10 to the mobile and increases the power level of the signal transmitted 
from the first power level to a second power level during 
transmission of the handoff command. 



1 5 Brief Description of the Drawings 

FIG. 1 generally depicts a cellular radiotelephone system 
which may beneficially employ the present invention. 

FIG. 2 generally depicts a detailed block diagram of a base- 

2 0 site which may implement the present invention. 

FIG. 3 generally depicts implementation of power level 
increase during handoff command transmission in a TDMA 
cellular radiotelephone system in accordance with the invention. 

FIG, 4 generally depicts simulation results of power level 
2 5 increase during handoff command transmission in a TDMA 
cellular radiotelephone system in accordance with the invention. 

Detailed Description of a Preferred Embodiment 

30 

FIG. 1 generally depicts a communication system, and more 
specifically a cellular radiotelephone system, which may 
beneficially employ the present invention. As depicted in FIG. 1, 
base-sites 109-112 are coupled to a switch interface 102, which 
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provides switching and interface functions between base-sites 109- 
112 and a public switched telephone network (PSTN). In the 
preferred embodiment, switch interface 102 may be either a Mobile 
services Switching Center (MSG) or a Base Station Controller (BSC). 
5 For purposes of example, base-site 109 communicates to a mobile 
108 via a signal 106. In the preferred embodiment, signal 106 is a 
full duplex radio frequency (RF) signal having a downlink 
transmission (transmission from base-site 109 to mobile 108) 
£requency range between 935-960 MHz and an uplink transmission 
1 0 (transmission firom mobile 108 to base-site 109) frequency range 
between 890-915 MHz. Also in the preferred embodiment, the 
cellulpy radiotelephone system depicted in FIG. 1 is a time-division 
multiple access (TDMA) cellular radiotelephone system, 
consequently, signal 106 has TDMA timeslots multiplexed thereon. 

1 5 FIG. 2 generally depicts a detailed block diagram of base-sites 

109-112 which may implement the present invention. As depicted 
in FIG. 2, base-sites 109-112 are generally comprised of an antenna 
200 which receives and transmits signal 106 to mobile 108. Antenna 
200 is coupled to a receiver 204 and a transmitter 210 via a duplexer 

2 0 202. Duplexer 202 is essentially two bandpass filters, one having a 

frequency range between 935-960 MHz for dowzdink transmission 
via transmitter 210, and a second having a frequency range between 
890-915 MHz for uplink reception by receiver 204. When signal 106 
is transmitted by mobile 108, receiver 204 receives signal 106 and, 

2 5 using signal strength indication (SSI) block 214, monitors the 

signal level of signal 106. Output from SSI block 214 is input into 
control/equalizer board 206, which performs all necessary channel 
processing and provides coupling to channel equalizers 208. When 
SSI block 214 indicates that the level of signal 106 is below a 

3 0 predetermined threshold, control/equalizer board 206 commences 

transmission of a handoff command to mobile 108. At this point, 
control/equalizer board 206 will send the appropriate handoff 
command to transmitter 210 for transmission of the handoff 
command at a first power level Pi to mobile 108 via signal 106. If 
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base-site 109 does not receive an indication that handofT has 
properly occurred, control/equalizer board 206 will instruct PA 
control board 216 to increase the power level of signal 106 from the 
first power level PI to a second power level P2 during transmission 
5 of the handofiF command. This increase may either be a single-step 
increase or an incremental increase. If the increase is an 
incremental increase, the process of increasing the level of signal 
106 during transmission of the handofif command is repeated until 
handofT of mobile 108 is complete, or the process eventually 

1 0 terminates itself. 

For TDMA cellular radiotelephone systems, such as the 
group special mobile (GSM) Pan-European Digital Cellular System, 
the United States Digital Cellular (USDC) system described in EIA 
Standard IS-54, January 1991, printed in the USA, and the 

1 5 Japanese Digital Cellular (JDC) system described in Research and 

Development Center for Radio Systems (RCR) Standard 27A, 
January 1992. printed in Japan, a need for handofif can be detected 
by use of mobile 108. A need for handofif occurs when, for example, 
mobile 108. which is communicating to base-site 109 via signal 106, 

2 0 moves to a point where the qusOity of signal 106 (typically the power 

level of signal 106 as seen by mobile 108) degrades beyond a 
predetermined threshold. Since, when handofif is required, the 
quality of signal 106 has degraded beyond a predetermined 
threshold, transmission of a handoff command via signal 106 
25 would likewise suffer from the same degradation. However, base- 
sites 109-112 incorporate variable power-level power amplifiers, 
thus if base-site 109 can be instructed to increase its output power by 
some level during the transmission of the handoff command to 
mobile 108, an increase of the probability that mobfle 108 receives 

3 0 the handofif command, and a corresponding reduction of the rate of 

dropped calls, will occur. 

FIG. 3 generally depicts power level increase during handoff 
command transmission in a TDMA cellular radiotelephone system 
in accordance with the invention. As depicted in FIG. 3. eight (8) 
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timeBlots tO-t7 comprise frames F1-F68. Of course, other frames 
occur before and after frames F1-F68, but these frames are not 
depicted for clarity. Continuing, timeslots t0-t7 of frames F1-F68 
are continuous in time, and are defined in GSM Recommendation 
5 5.02, version 3.4.1, January, 1990. In the GSM configuration, 
timeslot tO is dedicated to, inter alia, control chaimel (CCH) and 
broadcast channd (BCCH) information. The remaining timeslots 
tl-t7 of each frame F1-F68 are generally dedicated to voice 
transmission. When base-site 109 communicates to mobile 108 via 
1 0 signal 106, the voice conmumication occurs during a dedicated one 
timeslot (indicated by 'V" shown in timeslot t3, FIG, 3) of each 
firame F1-F36. 

Transmission of the handoff command (indicated by *HC" 
shown in timeslot t3, FIG. 3) to mobile 108 at an increased power 

1 5 level may occur after the detection of a predetermined triggering 

event. For example, in the embodiment depicted in FIG. 3, the 
predetermined triggering event is the elapse of a predetermined 
number of transmissions at a first power level. As depicted in FIG. 
3, timeslot t3 of frame Fl depicts transmission of a handoff 
20 command HC at a power level PI. Transmission of the handoff 
command HC occurs during timeslot t3 for eight consecutive 
frames F1-F8. In this scenario, handoff command HC steals 
timeslot t3 from voice conmumication V. When transmission of the 
handoff command HC at the first power level PI is completed, voice 

2 5 communication V continues for the next 26 frames F9-F34 at power 

level PI. If base-site 109, which is transmitting the timeslots 
depicted in FIG. 3, does not receive an indication that handoff has 
been completed (for example, a "CLEAR SOURCE" command from 
switch interface 102), base-site 109 will automatically increase the 

3 0 power level of the transmission of the handofi* command HC during 

timeslot t3 of frames F35-F42 to a second power level P2. In this 
scenario, the handoff command is repeated every 34 frames, thus 
the triggering event woxild be the elapse of 34 frames, where eight 
frames have the handoff command transmitted during timeslot t3 
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at a first power level PI. At the end of transxniBsion of handoff 
command HC at the second power level P2, base-site 109 continues 
voice communication V during frames F43-F68 at the first power 
level PL At this point, base-site 109 may either continue increasing 
5 the level of transmission of the handoff command HC during 
subsequent frames, or may terminate the entire handoff procedure. 

Other predetermined triggering events may also signal base- 
site 109 to increase power level during transmission of the handoff 
command. For example, after base-site 109 transmits the handoff 

1 0 command at a first power level, base-site 109 may wait for the 

elapse of the predetermined time period, and then increase the 
power level to a second power level during transmission of a 
subsequent handoff command. Likewise, base-site 109 may 
increase the power level of a handoff command transmission to a 
15 second power level if base-site 109 receives a reply signal 
transmitted by the mobile or, does not receive a reply signal 
transmitted by the mobile. In either case, these are valid triggering 
events for power level increase during handoff command 
transmission in accordance with the invention. 

2 0 Not all handofis require the power level increase in order to 

hear the handoff command, since not all geographic locations 
experience the same noise conditions. Some handofifs may not 
require as much of a signal increase as others. With this in mind, 
base-site 109 does not increase the signal level of signal 106 until 

2 5 after it has ineffectively attempted to instruct mobile 108 to handoff 

to an adjacent base-site 110-112. Retries at a higher downlink power 
level are thus performed after a predetermined triggering event, 
such as a time-delay, beginning with a minimal power increase. 
In the preferred embodiment, each successive retry receives 

3 0 incremental power increases until the maximum power is 

achieved. To illustrate that not all handoffs require the same 
amount of signal increase. FIG. 4 generally depicts a simulation 
which depicts the percentage of handoffs as they relate to the 
amount of additional downlink power to successfully complete 
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handoff. As depicted in FIG. 4, when the power level is not 
increased (0 dB increase), approsdmately 87.5% of mobiles to which 
a handofT command is transmitted will receive the handofT 
command. If the power level were increased by 10 dB, 
5 approximately 96.2% of the mobiles would receive the handofT 
command transmitted by the corresponding transmitting base-site 
109-112. If the power level were increased by 30 dB, which is the 
dynamic range of transmitter 210 of the GSM cellular 
radiotelephone system of the preferred embodiment, almost 100% of 
10 the mobiles to which the handofif command was transmitted would 
receive the handofT command. As can be seen from this 
simulation, power level increase during handoff command 
transmission provides a significant increase in the probability that 
mobiles receive a transmitted handoff command, and thus properly 

1 5 execute handofT to an a^acent base-site. 

Thus, it will be apparent to one skilled in the art that there 
has been provided in accordance with the invention, a method and 
apparatus for providing power level increase during handoff 
command transmission that fully satisfies the objects, aims, and 

2 0 advantages set forth above. 

While the invention has been described in conjunction with 
specific embodiments thereof, it is evident that many alterations, 
modifications, and variations will be apparent to those skilled in the 
art in fight of the foregoing description. Accordingly, it is intended 
2 5 to embrace all such alterations, modifications, and variations in the 
appended claims. 

What we claim is: 
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Claims 

5 1. A base-site in a communication system, the base-site 
communicating to a mobile via a signal transmitted at a first power 
level, the base-site comprising: 

means, operating at the first power level, for commencing 
1 0 transmission of a handofif command to the mobile; and 

means, coupled to said means for commencing 
transmission, for increasing a power level of the signal 
transmitted from the first power level to a second power level 
during transmission of the handofF co mm a n d. 

1 5 

2. The base-site of claim 1 wherein said means for 
increasing the power level of the signal transmitted fi-om the 
first power level to a second power level further comprises 

2 0 means for incrementally increasing the power level of the signal 

transmitted from the first power level to a second power level. 
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3. A base-site in a time-division multiple access (TDMA) 
cellular radiotelephone system, the base-site commimicating to a 
mobile via a signal transmitted a first power level during a 
plurality of timeslots, the base-site comprising: 

5 

means for transmitting the handoff command to the 
mobile at the first power level during a first timeslot; 

means, coupled to said means for transmitting, for 
increasing the power level of the signal during transmission of 
1 0 the handoff command from the first power level to a second 
power level during a subsequent timeslot. 



4. The base-site of claim 3 wherein said means for 
1 5 increasing the power level of the signal transmitted from the 
first power level to a second power level further comprises 
means for incrementally increasing the power level of the signal 
transmitted from the first power level to a second power level. 
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5. A base-site in a code-division miiltiple access (CDMA) 
cellular radiotelephone system, the base-site communicating to a 
mobile via a signal transmitted at a first power level, the base- 
site comprising: 

5 

means for transmitting the handoff command to the 
mobile at the first power level; 

means, coupled to said means for transmitting, for 
increasing the power level of the signal during transmission of 
1 0 the handoff command from the first power level to a second 
power level. 

6. The base-site of claim 5 wherein said means for 

1 5 increasing the power level of the signal transmitted fi^om the 

first power level to a second power level further comprises 
means for incrementally increasing the power level of the signal 
transmitted from the first power level to a second power level. 

20 

7. The base-site of claim 5 wherein said means for 
increasing the power level of the signal transmitted from the 
first power level to a second power level further comprises 
means for increasing the power level of the signal transmitted 

2 5 ft-om the first power level to a second power level during a hop of 

the signal from one frequency of the signal to another firequency 
of the signal. 
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8. A method of handoff in a communication system having a 
base-site communicating to a mobile via a signal transmitted to 
the mobile at a first power level, the method comprising the steps 
of: 

5 

transmitting a handoff command to the mobile at the first 
power level; and 

increasing the power level of the signal transmitted firom 
the first power level to a second power level during transmission 

1 0 of the handoff command. 

9. A method of handoff in a time-diAasion multiple access 
(TDMA) cellular radiotelephone system having a base-site 
coromunicating to a mobile via a signal transmitted to the mobile 

15 at a first power level during a plurality of timeslots, the method 
comprising the steps of: 

transmitting a handoff command to the mobile at the first 
power level during a first timeslot; 

2 0 increasing a power level of the signal above the first power 

level during transmission of the handoff command in a 
subsequent timeslot. 

10. A method of handoff in a code-division multiple access 

2 5 (CDMA) cellular radiotelephone system having a base-site 

communicating to a mobile via a signal transmitted a first power 
level, the base-site comprising: 

transmitting the handoff command to the mobile at the 

3 0 first power level; 

increasing the power level of the signal during 
transmission of the handoff command from the first power level 
to a second power level. 
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